Dasatinib was first used as second-line tyrosine-kinase inhibitor approved for treatment of oncogene fusion protein BCR-ABL-positive chronic myeloid leukemia and Philadelphia chromosome-positive acute lymphoblastic leukemia resistant or intolerant to imatinib and, later, was considered as first-line therapy for patients with this pathology.\[[@ref1]\] Pleural effusion (PE) is a common complication during dasatinib therapy,\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] and the mechanism underlying the development of PE is currently unclear.

We present four patients with PE secondary to dasatinib, one a chylothorax, a little-reported finding.\[[@ref4][@ref18][@ref19]\] Although there have been numerous reports of dasatinib-related effusions, very few have provided complete pleural fluid analysis.

Case Report {#sec1-1}
===========

[Table 1](#T1){ref-type="table"} summarizes the clinical, radiological, and analytical characteristics of the four patients with PE due to dasatinib. They include two males and two females with ages between 50 and 71 years, diagnosed with chronic myeloid leukemia (three patients) and Philadelphia chromosome-positive acute lymphoblastic leukemia, in whom dasatinib was used as a first-line as well as a second-line drug (after imatinib; three patients). The dose was very variable (from 50 to 140 mg) and always administered in a single daily dose. The PE appeared within 2--60 months after starting the treatment, after having ruled out other causes of PE. The PE grades (according to the National Cancer Institute Common Terminology Criteria for adverse events, version 3.0)\[[@ref20]\] were from 1 to 3, with no accompanying pulmonary lesions or mediastinal masses in the chest computed tomography. The treatment ranged from the administration of diuretics (two patients) and oral corticosteroids (one case) to therapeutic thoracentesis (two patients), a decrease in the dose of the drug (in all of them) and finally stopping it in two cases. The response was a decrease in the PE in two patients and resolving it in the other two.

###### 

Clinical, radiological, and analytical characteristics of patients with pleural effusion due to dasatinib

![](ATM-11-289-g001)

The PE was bilateral in two patients (although in Case 2 a thoracentesis was not performed on the left side due to there being a small amount of fluid), and on the right side, in the other two. Its appearance was lipemic in Case 1 (on both sides and with some blood staining) and serous in the other three. The biochemical characteristics were those of exudates, in accordance with the predominance of lymphocytes (80--87%). Very high triglyceride values were obtained on both sides in Case 1, which confirmed the diagnosis of a bilateral chylothorax. The values for cholesterol, adenosine deaminase, N-terminal fragment of pro-brain natriuretic peptide, glucose, interleukins, C-reactive protein, tumor markers, and tumor necrosis factor-α were nonspecific in all patients \[[Table 1](#T1){ref-type="table"}\]. The cytology and pleural fluid cultures were negative in all cases.

Discussion {#sec1-2}
==========

PE is a common complication during dasatinib therapy (incidence between 7% and 39%),\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] and the percentage and grades of PE are variable depending on the series that are reviewed. In those by Quintás-Cardama *et al*.\[[@ref4]\] and Porkka *et al*.,\[[@ref15]\] the percentage of PE in Grades 1, 2, 3, and 4 were 27% and 16%, 25% and 65%, 40% and 16%, and 8% and 3%, respectively.

Various factors have been associated with the appearance of the PE. The prescription of a single dose (140 mg) per day is associated with a significantly lower number of PE than those who receive 70 mg twice a day (20% compared to 39%, *P* \< 0.001), and a lower need to withdraw the drug.\[[@ref14][@ref16]\] In two studies, the dose of 100 mg once per day demonstrated that this dose was equally effective, but better tolerated as regards the incidence of PE reported (7% and 14%, respectively), than 50 mg twice a day (11% and 23%), 140 mg once a day (15% and 26%), and 70 mg twice a day (16% and 25%).\[[@ref12][@ref15]\] Wang *et al*. showed that the mean minimum concentration in the blood of the patients with 100 mg dasatinib in a single daily dose was 2.69 ng/mL, and 6.9 ng/mL in those who took 70 mg twice a day.\[[@ref21]\] Although both prescriptions achieve the same hematological and cytological responses, the highest mean concentration of those who took the drug twice a day could be the reason for the higher incidence of PE. All this suggests that the intermittent BCR-ABL inhibition by dasatinib may be sufficient to achieve the appropriate cytological effect, but with less adverse effects. Furthermore, the median time to the development of an effusion was 315 days for 100 mg once-daily group, compared to 289, 148, and 136 days, with 50 mg twice daily, 140 mg once daily, and 70 mg twice daily, respectively.\[[@ref15]\] The incidence of PE with dasatinib in the major studies published up until now is summarized in [Table 2](#T2){ref-type="table"}.
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Porkka *et al*. evaluated the potential factors for developing a PE in those patients on treatment with dasatinib.\[[@ref15]\] They found that age and lymphocytes increase the risk of a PE (patients ≥66 years have a higher risk than those aged between 46 and 66 years, and these, in turn, higher than those \<46 years, and a lymphocyte count of \>3.6 × 10^9^/L on at least two occasions after 4 weeks of treatment with dasatinib). Two independent studies found that increased blood pressure, previous cardiac history, and to administer dasatinib twice daily, are also associated with a higher risk of PE.\[[@ref4][@ref10]\] Furthermore, in the study by de Lavallade *et al*.,\[[@ref10]\] a history of autoimmune disease (relative risk \[RR\] 4.3, 95% confidence interval \[95% CI\]; 1.3--14; *P* = 0.001), a skin rash with dasatinib (RR 5.3, 95% CI; 1.9--14.6, *P* = 0.001), and hypercholesterolemia (RR 3.5, 95% CI; 1.8--14.6, *P* = 0.037) were also associated with a higher risk of PE. That the majority was exudates, suggest that the PE was neither related to fluid retention nor that it was due to kidney or cardiac failure. The predominance of lymphocytes seen in the majority of cases could indicate the mediation of an immunological mechanism. The suggested mechanisms of action are a block in T-lymphocyte function at clinically relevant concentrations, including their proliferation, activation, and cytokine production, or by the inhibition of platelet-derived growth factor receptor-β (PDGFR-β) expressed in pericytes that intervene in angio-lymphangiogenesis.\[[@ref22]\] A deficiency of PDGFR-β in human lymphedema distichiasis is associated with the formation of abnormal initial lymphatics while others propose that PDGF-BB and its receptor, PDGFR-β, are directly lymphangiogenic.\[[@ref23]\] A possible relationship to the pathogenesis of yellow nail syndrome has also been suggested.\[[@ref18]\]

The pleural fluid analysis usually shows an exudate with a predominance of lymphocytes, and usually bilateral, with no other relevant characteristics. However, cases of exudates with a predominance of neutrophils\[[@ref3]\] have also been described, as well as transudates\[[@ref4]\] and chylothorax.\[[@ref4][@ref18][@ref19]\]

The management of these PE includes stopping or reducing the dose of dasatinib in symptomatic patients (Grades 2--4)\[[@ref11]\] and to administer diuretics or a short course of corticosteroids, with variable results. [Table 2](#T2){ref-type="table"} provides a summary of the treatments used in the most important series.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] There are no firm guidelines that establish when to resort to one form of treatment or another, although Brixey and Light propose some recommendations in this regard.\[[@ref20]\]

In summary, dasatinib is a drug that is used for the treatment of refractory chronic myeloid leukemia and acute lymphoblastic leukemia. PE is a common adverse effect, and the mechanism by which it is developed is not well established. The pleural fluid is generally an exudate with a predominance of lymphocytes, but can also present as a chylothorax. The incidence decreases when a single daily dose is administered. The low-grade effusions usually respond well to the stopping of the treatment while the higher grades also require therapeutic thoracentesis and corticosteroids. On looking at these data in patients on treatment with dasatinib that present with a chylothorax, the possibility that this may be due to taking the drug should be taken into account. As dasatinib is most often used once daily in patients who have any of these two diseases, further studies are needed to try and determine the mechanism by which this drug can induce a chylothorax.
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